YVA=Y00 (YA (YY) 25 0l 5 IS

=) oS 9 S5

9 b log s 2 b oddjle FIOSY” U joy mdl (S 5 I8 05 8508 5550 5l i

dyes

‘q,...:.fdl uﬁ? a3 loww Aéé‘} O‘wa“,ﬁ.w YRV (S N ems ‘jJ_g‘r:SSsXJ}«: 3 gawo gf)j‘ﬂ\:kﬁ

b'J“-’g‘“‘J‘ﬁwfj

J.@.LALJ.@.:J gf“’jjfé =L<..':;l: géj))wem}‘b (3o LSLA’ Jw.lﬁ@a)dl.&b f}lﬁ a);
B4 shoor@um.ac.ir
VESYVAN 180 0B D EYVIY g 8050 b D ERY/ENY il s st

oS>

35 bpeaadl G IS 5 ol el bl bl i 51 Sy e S (sl Oles il oSl w5 L
2 dses 5 e dilos s slacdale 3 ) sl besl sl e Oler 5 01l Sk S S op S ) S
Slaobes A plnil sl SalS (55l o a B ST RCSPIY L e e B s Sliv 5 olxlS e
Vv 500 Gho) e Soslite sl 5 (Va5 Koo Vor 500 i) i bl i il sk Jols (5]
03 b Jped Lol e s lios s 5 N ,Sen Voe led 53 Guao VVY) oS e op i 30 (1 2 p S s
e Sl 4 IS Bl Bl s ok e SRS Rl L e s 20 O slasled 53 A o> gad
Saire basss polad 5o Jsloes Clom s W 54V 0 lagss 5o ol S055 2 dsed 5 e Ll s 20 AiSen
e L) ey 5o U dges ) e S e 00 Lol en i las g i Vses e Ver 5 00 Glasles 5o S
 als 5l 53 sl Ol 5 o S055 Olgn (smeS deoy S 4 050wl Ol g 5 05,V 5055 5 s
JS s 5 (5055 08 e Sk /YA D w5055 £ 5 2 p S e NV A a e Ol 0 AL s
53 A edss Jged 2l 5o 0 S Jee 00 5 e lag s s Vsas S Vo Sled 03 (G035 05 5 p S ke /YTA)
10g10 ) 555 =l 0 Sl 53 W SL Ol Jsed sl b Jsad Ok e Llaog s 25 Ve S0 Vo lasles
byl 5o i e dalis s s (WAAlogo CFU/MIY) el -l Ol o 5L 5 dewy &b 4 (F/F-1Y/0) CFU/mI
Sz 035 51 ols e D8 Jpad CBLE Ll de lag 25 Y pe 5 S 00 5 b dlas 5 55 O
S Jged A 00 0 S ke 00 5 e Wl s 20 Ve Sea Ve Sled 53 S 055 Ol 0 e Ll i e
e Gl 6l 1 Jses 0 b Jsas ol ian i dils s 2 3V sm Sn Voe )8 el ol il

LS oo 2lgitey 4o e P RS 5 S

J*A.S‘ Lgf_)i_u (OL)‘J& Jjbu L‘-;’JJJJ L}§ cdbL:f J..:LN‘ ‘5-\:.1.5 ‘Suéj‘j

Wil gLt g S5


mailto:shoor@um.ac.ir

YVA=Y00 (YA (V4 Y) 25 0l 5 IS

4adle

5 ladiSS 4 sazme 5 a0 Glate Lol Ll el s 5 S o3 o s adl G g S o
g5 5 2l Mo w Lyosmedl ot plalis b5 s Jed 55 olS ol glaw S zin AL e Alstroemeriaceae o,
.(Ghasemi Ghehsare & Kafi, 2008) sl od s S 5 sl S R 3 S SYsb cia Bl 5 K,
Fosp o (55508 iy o3l Rl 5, YU BN b S sl S sl Lol L, 558 Sl 6ok Lo
oo e 5 S VU (s3lasl 5 s s bl Dl slodes Somal S hsle 5 VU 51500 s & S
LA B0 Ol sl s 8 G e« (Gelaye, 2023) ol YU (g pdisled s 4 a5 sbs Slals (S s sla S
S S i Lim gl o Y5 O YV IS Slpslo 230 1¥48 Jle 53 S a8 ey bl b sl e Jlo s
5 S5 i (S jee 035 GV5b L bl ol 558 o oSS slad e L led WO sl 5 i 5
Tehranifar & Rashidi, ) 18 eslizal zin Sy e JS516 X551 e 555 0 0diS o 5z sl | oY o5l JS ks
.(2019

g wn) 33 Solen Sl Conl o ol Caeal 5l 23 OIS Clils 5 5l ey ctS bis 5 5 8L
O St a0 5,5 IS b ety 3 s b 2dl G o JS el 4 S g S sla S kS
Lay s o bl adae S b S Bl colis 5l K Kdtes axlse LSS 5 baelS
53 o s Sl g sl S 5 S 5 aeedlS 515 Sen iy s a0 Al o O ol 28 5 eSSl S
.(Moradi & Naghizadeh, 2017) .t o ials S ol s 8wl

oS Lay oS 5 G T Wl s s Ko eslinad S p gla IS odls 5l e ee S sl ke Slse
G 3k gl 5 O3S Loy O wsos il o wlo S5 0 Sddn ol s 3 &8 ol TS K 0
Sl 0blS SCides el & 5 oS cdl iS04 aSt G i (Wieczorek et al., 2006) 5 5 e
A AT 3 S e AenST SG i b 508 sl GEE lses DS a5 6w bk OLLS sedsdd s
ST G 25 s (g5l (Vishwakarma et al., 2019; Hussain et al., 2022; Sun et al., 2019) s 35 o baw 35, 0
S sl i @ C“'L B CL:.: JUsl FO 35St dlad glaas S V""‘:jﬁt"‘ (AlS A, 6u°mﬁm Jos 53 dacls Ol peas
53,0 s ik esle ol oS ol ol s slizel i (Freschietal., 2013) Wl o Wil age 58 tes) 6 s
(Del Rio etal., 2004) 3,15 olS e 5 ALS 5L wolS p o 0f Chale & (S ol

MOStOfi € ) ol sosy Sl & Soin S Do sart 5 (Ll s s s s 55 YV pes Koo Voo e 3
s LS S 5 23,5 513 s 3550 sSlsd ke IS e il 30l b iasy s (@l 2010

Reactive oxygen species —¢  Nitric oxide (NO) -+ Sodium nitroprusside -y  Alstroemeria aurantiaca - \

YoF

=i oS g L5



YVA=Y00 (YA (V4 Y) 25 0l 5 IS

Norani ) 55303 5 e 8 B Lls 1 1y slse pl e 30 (gl paiizes A S ils 5l o IS (L8
Llesls gLz (Shabanian et al., 2018) | .5 5 (Abdi & Jabbarzadeh, 2022) ;, «(Niaki et al., 2022

slgn 3l eslizal ol sladle s Lol A e eslizel Sy S (5,8 0le (5l gl oland s Sos s 3150 5l azdS s
il Glawi S Sl sdaliwsay 3 ST Gull 53 el SR 4 ) e S bend Slpe b5 b L L a8
slid laded 0505 4 358 b ba il l s Jses 5 J S5 Al e OLLabind 0,5 a4y Glaze &5 751 5 'l
oo S o a o ltly Slisims o g oo Jsbo b s 5 Sl odd o Lol S ety
S s S Cxo 53 b5 ol SL e Sa T J S sl aLS sl slas 5 b pulal Sl eslinal o558l 3 55 e
oS e 00 Sles 3l o (5 555 3lse 5 acn S sden eSS dad T el pS (sl e il ol i1 3 S
Madadzadeh ) sls (2l 3l pmd 5055 SRl 331 L L 0T Cotls 51y oo b jos 2edT o IS (63,5 2818 5o gdle d pos
Sns Sl o Jgas 1) e S e Vet 508 48 Wsls OLES (Y4 0) OLSs 5 Orage i 5> (etal, 2013
o A 52 e S ke Yoo dges lale GRIBIL als (LI 15 Sl ) ey e s A8 ale las S
GlS A rﬁ&“ Voo chle o e bl o i dali Sl ksl 5o b S ()Ll il analS 55 oIS
o Sy Geis ol (Oraeeetal., 2013) Wi sdalie S (5 Bk 5 Bl slas ;SU o oniios alaly 3 b 5l 0S
A plal o mdl 2 JS Bl 5l g e et Sl e s 355 5 dsad il 3T

L g, g3l

Ll s Jold Jrlesl slales s ol 3k Sls L;,uicjbqu)g JiosSB s V60 Y Jle s sl
bes 2l olS (505 G e S Vv 00 Gio) o s 3 Jgas 5 (VoS Voo 500 i) mlans a3
slalds sl _sj)'c:ﬁpba‘_}f Sy s IS s Jeld ok a5 a s S A bli Jls s b 0 o) 5o Frosty o
Job L pag mdl gla JS 60 Jamae (55,5LaS easlails sliulel & s 5 B (M 2 dgde e 3 w5 (ol
Al pa) 3 gredBest ey Coms & LS ol 50t 35L T b IS 68 Slos (ol il el o 3 0L T JLab
Gaatls s Xl 5 5L L il aed b 5 Ol 5 50 e e £0 Ik L s IS o8iulesl 5oL s cosls (7
e o3l 1 g Sokasli S Slaslod Jlasl (81t 5 Lok 303 13 o AgSS slomn oo g 00+ (Sytmn By b J1s IS
oKalesT 53 5 ol ay b mba s 51 (6,8 o gl By b s s Jime ke Of e 000 4 Sl
A S 13 g a5 YYE ) les L

ELSPUEBYRE-

2l jes

OLKas s MUt Jace 5 sddasl )| (og, 5heslinad Lla IS SnlS e (6 So3lil o b5l 4l & sty oS as

A Cl;u‘ L L;J?w-juﬁ LgLanK O Lg\a).@ﬁ}&)ﬁd‘;.)fﬁ/O' L}"liJJ\L’<2006)

Thymus -y Mentha -\

YoV

=i oS g L5



YVA=Y00 (YA (V4 Y) 25 0l 5 IS

s 059
b SIS 5055 Sl gblS e OLL B s o315 b sy Ssgots s 055 Sl i

RFW (% of the initial) = {(W¢Wizo )}x100
(1)

o 39 o0 adle Oled 05 sWimo oy ¥ ) o glass, o Jf als 055 Wt 505 avd Aoy RFW

Jolone Sl Ol

Mohammadi ) 3 S eslizul ¥ alasly 5107 455 sl 5 A (5 Se3ll moe sl yral 5 oslizal b OF Ol ltde
:(Kabari & Jadid Soleimandarabi, 2019

St—1)-S
FW (St-1)-5t
t=o0 (Y) AJQI.\)

O35 Wr=o O 530 33 s 055 = Seoqe 5T 555 53 d sk 055= Speoddidar Jglos Ol =FW

a8 iy o Oljn rowin
Sl s b S s al JolSS S 5l ek sed aan 53) 030 S e S /Y0 (aria 555 53 4y e Ol e dralons 51
e T o555 oIl o s 1y ool Do gloe s 5 0l Osla 53 e T 2l ko 0 Lo 5 0 1 (A aslicud
BB N0 Do e 3 S bale gl ) e £/0 L5 anils Aol bl 51 ad e /0 il -
Sl 23 8 s A8 AMON g,y bl o diy s Ol ss dslows A3 plonil 4ids 55 3 Y0 v e b i 5L
3 el TV 50T (Ve glag ged gb 3 b oder Olge e gy xSl 1 eslinad by axdls 1y 55kd Jloms ol

ol s ¥ by 5l e ol Tl s S

Chl a = (15/65x A 666) — (7/34x A 653)
Chl b = (27/05x A 653) — (11/21x A 666)
Chl= Chla+ Chlb

(™)

Jhowe Slas L Comar Lo
osbizal 3 Ikl Sy sy S Eoled Bas Sl aris Sas 53 2elS lad e 3 (6 SU SIS sl Skl sl
Shlag sSU asled ¢l (Bleeksma & Van Doorn, 2003) A eslecul bas ;SU Comanr e (gl & adaly 5 5 A
2oz 3 NA G me Olse olal i3 S osLINA 28 Lame 5 slae ol 4 3 S slizal ' e 8T o2S Lo
3Lzl 5 go (S5 g3 SMaS o 1 3350 So3la e ad 5 (S 1l ke Vove 530 SYA) O w by je By b (53,
o3 slge JalS O o 5l A s anBlS S gy 5wy ol s O 1) G oles 4 NA gosle 5l p ST Y

Yo Ode 4 il 10 LS 5 e gedi (G453 VYY) (glos s IS BI s s 5 A sl <=M)JT‘_}U3}MLJ)1

Nutrient agar (NA) -\

YOA

=i oS g L5



YVA=Y00 (YA (V4 Y) 25 0l 5 IS

G S 5 NA s 51 ) e Yo lie Glisyse slse adS 5 08 Jsieds Sl w338 b ul 4ids
30T Lags S 3ls Ysame 6305 S 3 350 Slags L ol > Sl @ amg b s iy oyt laies
@35 sl ol S LT Bl 53 L 5 didbed SEoled LB il slad IS olSaes L aS Al e il
e S A s s il mlesT g dior S35 (6 4 ST Bl S35 (5 S 4 3L 0l s
ay b bl ol o ) (il i IS 50 03 2 A Jals G505 ) S5 sl p e Jslone
S ga 3l IS 5131 0T 03551 05 31 A S w3ls 13 IS 51 Jotls ol bmad (gl s 4t paa T L5
i3> 0 35d e bl s we sl Gilesl g s s 5 andls  ads S Ve Gl ge bl
e oisbesl salsh s s 5 anils s Sea Veer gl GilasT salsd 1 G 128 15 S5 oSas 55
S S B 35,5 Clisl e 35 b a8 LS5 LG T B 0 alm o ol A —ealal 3 oS5 olSis (G5 5 5

-Y

A 4 basles 5l a OF glasiped 510 T B Y
(CA.;) gT,..iJ.,bX ORAY .]a.:>=.o v}r;-)/bh J.,Lg J‘.,\xS) =(CFU ml_l) LfJS B W J:..i.f.: LgLAJa—\} Sl

(8) ddal
KSENSY

3051 53 (e 5 3 oS e Vor sles 3 a5l sy s ald olS s a5, 50 S e OLL 1 ey OLLS
A 6, S eIl 55l 5 daw s oS i 03 5 A S

Lesls s bl s9STy

570 Jla o s S5 b 3l eslinad U aosls oile alie 3 S eslinad IMPB 53l 5 51 o,LT (65615 .,
A plol ST 13l 5 a5 s g )

on y ml

2 S es

Jpdor) Al ime Ao 53 G el 53 b iudl S I8 s 51 g oo g 5 ik il 5 20 (SCan
i SLsles 5 e lis i Vses oo Vo Slas 53 gllS e i) IS 55 L SSle 4l Gollas ()
O sbasless 53 Lo mdl GbndS e 2SS s oy o 4 Gs VVY) e 1) o S ke Ve 5 00
Lot Llas s 20 51 ealinad ple D) ge 53 A sdalice (G, A/Y-AY) Jgad Voe 500 Jy.g,{..iw Ll g 2
00 Lol ran Jgad 2,00 Cpizmen i edalin lls Sl ey e LI s IS o (ol sime sl Jges ke 215

(O JK8) Sl e 0o Ll 10 4 cd (6513 pme Sl 50 e Wl s SV e S

ATAR

=i oS g L5



YVA=Y00 (A (1 £+Y) o3 0lS 5 IS

Mo fudl s p 8 St 055 5 dghonn Slags AL o Olis (2 bnlS jor y ilie (sl sles Sl S (Slay o 850e) il sls 2325 =) Jpur

Table 1- Analysis of variance (mean square) of the effects of different treatments on vase life, chlorophyll content, solution bacteria, and dry weight of

alstroemeria cut flower.
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Figure 1- Interaction effects of sodium nitroprusside and thymol on vase life of alstroemeria cut flower.
Columns with the same letters do not statistically differ significantly at the 5% level based on Tukey’s test
(n=3+SE).
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Table 2- Analysis of variance (mean square) of the effect of sodium nitroprusside and thymol on the relative fresh weight of alstroemeria cut flower.
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*Significant at 5% probability level, **significant at 1% probability level, ™ not significant.

Y&y
W=l oS g S5



114
_5 n 13
522 12
e
$3 |
2 4 110
§£§
o E 109
E'E Al
8L 5 108
L - =
@S 3 107
S 106
100
g -
23 5 80
D=
“;)@}3 60
2= 5
EE y 40
2= 2 20
e 5
E:“c»
m03= 0
5

~ B

0 50 100
Sodium nitroprusside (UM)

sd
a
b o
0 50 100

Sodium nitroprusside (um)
OV 505,550) e by 5 20

Relative fresh weight
(% of the initial fresh weight)

Relative fresh weight
(% of the initial fresh weight)

(sl O35 Ao )3) oo 5 038

(sl O35 Lo y3) (oo 5 055

114
113
112
111
110
109
108
107
106

90
80
70
60
50
40
30
20
10

YVA=Y00 (A (1 £+Y) o3 0lS 5 IS

la

0 50 100
Thymol (mg L)

C C
a
b b
0 50 100

Sodium nitroprusside (UM)
(¥ 50,500) s by 9 20

#2253k () paw sLasgs 53 e dilug g S esbe DI 315 () Jl 595 55 (o 5059 2 e e3le o J1-Y JS2

S5 05l el bl 51 S it Bg o (shls 0w b s pdl G g 8 (s 5055 2 () 205 5 (&)

(ol gUasEY =sluws) X541 7.0 ck..« 23 Sl e oyl

Figure 2- Single effect of thymol on the relative fresh weight (a), and single effect of sodium nitroprusside
on the third (b), eleventh (b), and fifteenth (c) days on the relative fresh weight of alstroemeria cut flower.
Columns with the same letters do not statistically differ significantly at the 5% level based on Tukey’s test
(n=3 % SE).
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Figure 3- Interaction effects of sodium nitroprusside and thymol on the relative fresh weight of
alstroemeria cut flower (Values are means + SE of three replicates (n = 3 + SE; SNP: Sodium
nitroprusside, TA: thymol)).

LS Rl el Y ) 350 13 imn omd 5 033 Ol 2 Wi S 53 s il s 25 2,08 el b3l o
5% e s s 2 SV gms Koo Vov 3l 1 el ot 4 S S s S 8L 0T iy 3G
.M;ﬁtpwﬂ;wﬁ,ﬁéu)ww\,gf}MTéuﬁw\;ﬁj\mﬁ;w\jdﬁ;i,,,ts(wo,y
e hen ST S oS A 5 5 )l s e Bl 5 055 SR el O Dl 1L i Ll 5
(Seyfetal., 2012) ks o ol o2, Cows 5l 5 s [2alS s 5 Wy, 0l 5L 2als 5 b 5l 5 05y b
> (Norani Niaki et al., 2020) 555 o 55 5 035 Sl 4z S8 Jgdous 51 aST G 2o Cds 0l 5 osdle
L,y a8 psbolen Al dald 4 Cond sias S 4 li 5 055 Ll 58l e e Llas s 3 8 50 anllls
Gss P r 03 e 350 ) 5 R3S S 5055 Rl Bl o 355 B blas a5 )08 s e OLES
DM o S 3 gadd 5 e Ll s 20 3L &S el e o LS 5 055 (bbb ol (1 ) a sdalie Sy
O3ls s 3l sl 5l ;;.j ol el 4anly Llg e ui.ib:ﬂ bl slass, by 5055 50 Sals s ol |,
CsIE Ll Koo 8§ buy Ol Cdor w0 8 5 055 slaeis .(MansoUry, 2012) Al ks Ol e 55 Siol33l 5 O
Sl S 5 (G S 8L alsl 5 6lS 53 B m 5 e Sl el s Sslize He an il 0l
4 3B g das rl?._}l Iy as s ;.j Ol Ll 55 o Ny QT)'\JM.; By o Bl k;.ék{juﬁ s 940 g_.JT A
{(Fanourakis et al., 2022) 555 o os5 olS 55 5 055 ,oalS et 55 (il sed sddd me (glo ot 5lpe Sl

Voo 500 lag a0l Lpey 2 T Suey € LS s (65, (2014) O, 1Ses 5 Issa Pere glo iass o

PO

=i oS g L5



YVA=Y00 (A (1 £+Y) o3 0lS 5 IS

e 5 035 Ol i o2l el 3 b 51t e 2T G IS e Sl e J g S e
2708 ey Sod s slad ool 53 58 gl Sl Ol i S S Lol 1) s 0 S e 00 e 0o Sl o
Thakur ) cool sdise 35 S oo 1) Jsbows Ol 5 IS 5 055 " S IS (610K Jglomn 3 ' sad ile il
2 sles oo b 5 (Sl WS il 5l e s ke ol o L 5055 G e (SKies (et al, 2023
b el e bes 2l s S (S8l 5 s 5 035 Rl 4z 45 AL e Jsle ol Ol 153l
St b 5 (S ol S Jshoms ol Oln Gl 531 355 b s (Glags 2SL Ol b 5 035 oy (Sines ke
(8 Jodr) Ll Jslos lags ;SL Lo Bl slags L

Jolone Sl

53 (8 o) i Sls e Wy peled 53 ey mdl Sy I8 Jlows Sl U ok Ll sy 50 AiSen
Dol G5l Sloslass szt bjlass den & AS oo ke 1) g 50 nl oSl mlie (Jslome 055 (slo i b b5
00 glajless ey (iala3T OLL B O Sl 5 ol (9330 gy iy 355 B Jslome lr Ol 20y p S oo Vo
00 (sl slas 5 ks sled ey SS (o5 Lss e Kiles s 25 Ve Ko Ver 500 5 Jges 2 2 p S e
ol cdal, Jas ks, gii\ﬁﬂ okl b OUJ»Q D LRI T TN P TR Jyes 2 2 (’;L;V‘
el s g Vsns Seo Ve 500 5 a2 e S e 00 (ool slaslas 53 ol Ol o it SRLesT U5k
Slasas s ks o 3l S sles GhlesT eadda 555 05 5 Cdls welsl (et aas sl 55, 6 Olge cal 5 A5 sdalie
Olgen i oo lios g S¥p0s Sen Voe 500 5 Jsad 2 e S e 00 (sl slasled ooy 5 5 o
o Ol 0 SV oz 555 50 a g Al Hlas 4 by e bajss cpl 5o ol Ol (S 5 Uil Sl a0 |y s
oLS g loiss u3 2 Jsad ol b dgesd Dol s Lilis s 2 Vsas S Voe 500 (sl Glasless 4 by e
o 3 el 5 ems e glasss 3 Ay o 3l ) e S dee Vet 500 Use (g5l OLLS sl glads, s s Aals
357 a2l Ol meS Jsadd A e S e Vo s e el s 0 Y 5a S0 Ve e ol L slasles

(& JS8) wsls ol

Gladiolus grandiflorus -v Cymbopogon citratus -\

122

=i oS g L5



YVA=Y00 (A (1 £+Y) o3 0lS 5 IS

s fedl s J8 53 2 ondS glome Colim 3 g 5 ke il 9 ST (Sl o 5eils) il sls 28 Y Jsr

Table 3- Analysis of variance (mean square) of the effect of sodium nitroprusside and thymol on the solution uptake of alstroemeria cut flower.
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*Significant at 5% probability level, **significant at 1% probability level, ™ not significant.
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Figure 4- Interaction effects of Sodium nitroprusside and thymol on the solution uptake of alstroemeria cut
flower (Values are means + SE of three replicates (n = 3 + SE; SNP: Sodium nitroprusside, TA: thymol)).
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Figure 5- Interaction effects of Sodium nitroprusside and thymol on the leaf chlorophyll a (a), chlorophyll b
(b), and total chlorophyll of alstroemeria cut flower. Columns with the same letters do not statistically differ
significantly at the 5% level based on Tukey’s test (N = 3 £ SE).
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Figure 6- Interaction effects of Sodium nitroprusside and thymol on the bacterial solution of alstroemeria cut
flower. Columns with the same letters do not statistically differ significantky at the 5% level based on
Tukey’s test (N =3 + SE).
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Figure 7- Interaction effects of Sodium nitroprusside and thymol on the total dry weights of alstroemeria cut
flower. Columns with the same letters do not statistically differ significantly at the 5% level based on Tukey’s
test (n =3 £ SE).
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Table 4. Correlation between investigated traits in alstroemeria cut flower treated with sodium nitroprusside

and thymol.
5 4 3 2 1
Sl e
Vase life
1 0.380" 5055
Fresh weight
1 0.661" 0.889™ s e
Uptake solution
1 0.715™ 0.001m™ 0.676™ IS e
Total chlorophyll
1 -0.588™ -0.651™" -0.040" -0.872™ SASL sl
Number of bacteria
1 -0.077" 0.460" 0.050™ 0.132m 0.451" St O3

Dry weight

*Significant at 5% probability level, **significant at 1% probability level, ™ not significant.

& S 4o
Gas oy 550 B basled (F o 5s Jolome odr 5 o S055 sl SRRl ) S0 s 8 Bl bl olal
Voo Glaslag 5o Kt O3 o idn o zals Jo3 gy dsloee 53 ag SL U, J:S.s«.g(,.?r;..;)'j)}l Lol clils il 58l
Lals 2al53 1 S 5D @ ay e e st ool oy Sod s snd 2 20 S ke 00 5 i s s 25 N sa s SCo
03 b edalin Jpod 2 e S ks 00 5o il s 3 Vsas Son Voe Slad 0 Gals pl Ol e (2 VL o i o
Nges,Sn 00 e s Ll ulS plons (slacs Sk 2 5l Jgog e G510 L s il s 55 O Slasleg
ol 5 s 5 035 5 ol S b S G S Cdls 5l e e e (Stad oy S5 4 G252 S5
o2l e ol b Sl Ll G S (BNl bl i 6 adias0lis Jglows (slas ;U Olsen b o sKas
500 Jsed Lolon b ged O e lis s 2 V505 S Vv lasless 53 ol as o VL &S i 0 L SL
Lyes il oS S s S o8 le (il Bl (sl alesar mudon ilos s 55 3,08 1 el s g 2 0 S a Vo

338 o

YY¥

W=l oS g S5



YVA=Y00 (A (1 £+Y) o3 0lS 5 IS

@\;.a
Abdi, R., Jabbarzadeh. Z. (2022). Effect of putrescine and nitric oxide on morphological, biochemical and postharvest
characteristics of Rose ‘Avalanche’. Journal of Horticultural Science, 36(1), 193-212. (In Persian).
Alizade Matak, S., Hashemabadi, D. (2016). Increasing the vase life of Alstroemeria cut flowers using cycloheximide,
benzyladenine and coconut juice. Journal of Ornamental Plants, 6(4), 225-236.

Arnon, D. I. (1949). Copper enzymes in isolation chloroplast phenoloxidase in Beta vulgaris. Plant Physiology, 24
(1), 1-15.

Baba Rabi, M. (2013). Investigating the ability to increase the flowering life of gerbera and alstroemeria by using
some plant essential oils and common and natural compounds. Master's thesis, Gorgan University. (In Persian)

Barraud N., Hassett D. J., Hwang S.-H., Rice S. A., Kjelleberg S., Webb J. S. (2006). Involvement of nitric oxide in
biofilm dispersal of Pseudomonas aeruginosa. Journal of Bacteriology, 188, 7344—7353.

Bleeksma, H. C., van Doorn, W. G. (2003). Embolism in rose stems as a result of vascular occlusion by bacteria.
Postharvest Biology and Technology, 29(3), 335-341.

Bounatirou, S., Simitis, S., Miguel, M.G., Faleiri, L., Rejeb, M.N., Neffati, M., Casta, M.M., Figueiredo, A.C.,
Barroso, J.G., Pedro, L.G. (2007). Chemical composition, antioxidant and antimicrobial activities of essential
oils isolated from Tunisian Thymus capitatus. Food Chemistry, 105, 146-155.

Chanasut, U., Rogers, H. J., Leverentz. M. K., Griffiths, G., Thomas, B., Wagstaff, C., Stead, A.D. (2003). Increasing
flower longevity in Alstroemeria . Postharvest Biology and Technology, 29, 324-332.

Chen, J., Xiao, Q., Wu, F., Dong, X., He, J., Pei, Z., Zheng, H. (2010). Nitric oxide enhances salt secretion and Na+
sequestration in a mangrove plant, Avicennia marina, through increasing the expression of H+-ATPase and
Na+/H+ antiporter under high salinity. Tree Physiology, 30(12), 1570-1585.

Del Rio, L. A., Corpas, F. J., Barroso, J.B. (2004). Nitric oxide and nitric oxide synthase activity in plants.
Phytochemistry, 65, 783-792.

El-Sayed, I. M., El-Ziat, R. A. (2021). Utilization of environmentally friendly essential oils on enhancing the
postharvest characteristics of Chrysanthemum morifolium Ramat cut flowers. Heliyon, 7(1), 1-10.

Evelyn, S., Elibox, W., Umaharan, P., De Abreu, K., Farrell, A. D. (2023). Genotypic differences in vase life of
Anthurium andraeanum (Hort.) cut-flowers are associated with differences in spathe chlorophyll content.
Postharvest Biology and Technology, 197, 112220.

Fan H.F., Du C.X., Ding L., Xu Y.L. (2014). Exogenous nitric oxide promotes waterlogging tolerance as related to
the activities of antioxidant enzymes in cucumber seedlings. Russian Journal of Plant Physiology, 61(3): 366-
373.

Fanourakis, D., Papadakis, V. M., Psyllakis, E., Tzanakakis, V. A., Nektarios, P. A. (2022). The role of water relations
and oxidative stress in the vase life response to prolonged storage: A case study in chrysanthemum. Agriculture,
12(2), 185.

Freschi, L. (2013). Nitric oxide and phytohormone interactions: current status and perspectives. Frontiers in Plant
Science, 4, 398.

Gelaye, Y. (2023). The status and natural impact of floriculture production in Ethiopia: a systematic review.
Environmental Science and Pollution Research, 30(4), 9066-9081.

Ghadimian, S., Danaei, E. (2020). Influences of ascorbic acid and salicylic acid on vase life of cut flowers rose (Rosa
hybrida cv. black magic). ALKHAS; The Journal of Environment, Agriculture and Biological Sciences, 2(1), 1-
6.

YVo

W=l oS g S5



YVA=Y00 (A (1 £+Y) o3 0lS 5 IS

Ghasemi Ghasare, M., Kafi, M. (2008). Scientific and practical floriculture. Ghasemi Ghehsare Publishing House,
Isfahan. (In Persian).

Gomez-Ros, L.V., Gabaldon, C., Nunez-Flores, M.J.L., Gutierrez, J., Herrero, J., Zapata, J. M., Sottomayor, M.,
Cuello, J., Barcelo, A. R. (2012). The promoter region of the Zinnia elegans basic peroxidase isoenzyme gene
contains cis-elements responsive to nitric oxide and hydrogen peroxide. Planta, 236(2), 327-342.

Guimardes AC, Meireles LM, Lemos MF, Guimardes MCC, Endringer DC, Fronza M, Scherer, R. (2019).
Antibacterial activity of terpenes and terpenoids present in essential oils. Molecules, 24, 2471.

Gururani, M. A., Atteya, A. K., Elhakem, A., EI-Sheshtawy, A. N. A., El-Serafy, R. S. (2023). Essential oils prolonged
the cut carnation longevity by limiting the xylem blockage and enhancing the physiological and biochemical
levels. PlosOne, 18(3), e0281717.

Hashemi, M., Mirdehghan, S. H., Farahmand, H. (2013). The effects of thymol, menthol and eugenol on quality and
vase-life of chrysanthemum cut flowers. Iran Agricultural Research, 32(2), 55-70.

He, S., Joycev, D. C., Irving D. E., Faragher. J. D. (2006). Stem end blockage in cut Grevillea ‘Crimson Yul-lo’
inflorescences. Postharvest Biology and Technology, 41, 78-84.

Hussain, A., Shah, F., Ali, F., Yun, B. W. (2022). Role of nitric oxide in plant senescence. Frontiers in Plant Science,
13, 1-10.

Isapareh, A., Hatamzadeh, A., Ghasemnezhad, M. (2014). The effect of natural essential oil carvacrol and some growth
regulators on vase life of cut flowers of Alstroemeria cv. Bridal. Journal of Ornamental Plants, 4(2), 115-122.

Issa Pere, A., Hatemzadeh, A., Ghasemnejad, M. (2014). Comparison of some chemical treatments and carvacrol in
improving the shelf life of Alstroemeria bridal cut flowers. Crop and Horticulture Processing Production, 5(18),
105-113.

Karamian, R., Nasr Esfahani, M., Shabanian, S. (2019). Study of the effects of salicylic acid, sodium nitroprusside
and ethanol on vase life and flower quality of cut flowers of two gerbera varieties. Journal of Plant Research
(Iranian Journal of Biology), 32(3), 635-646. (In Persian).

Liao, W. B., Zhang, M. L., Yu, J. H. (2013). Role of nitric oxide in delaying senescence of cut rose flowers and its
interaction with ethylene. Scientia Horticulturae, 155, 30-8.

Madadzadeh, N., Hasanpour Azim, M., Ruin, Z. (2013). The effect of plant essential oils and silver nanoparticles on
the shelf life of cut flowers of Alstroemeria variety Sukari. Iranian Journal of Horticultural Sciences, 45(1), 67-
78 (In Persian).

Mallahi, T., Ramezanian, A., Saharkhiz, M. J., Javanmardi, J., Iraji, A. (2018). Antimicrobial activities of Asafoetida
and Shirazi thyme essential oils improve the vase life of gerbera cut flowers. Acta Ecologica Sinica, 38(3), 228-
233.

Mansouri, H. (2012). Salicylic acid and sodium nitroprusside improve postharvest life of chrysanthemums. Scientia
Horticulturae, 145, 29-33.

Mohammadi Kabari, S.F., Jadid Solimandarabi, M. (2019). Improving Alstroemeria Vase Life by Plant Extracts and
8-Hydroxyquinoline Sulfate. Journal of Ornamental Plants, 9(1), 1-11.

Moradi, R., Naghizadeh, M. (2017). The effect of different solutions on shelf life and some physiological and
biochemical characteristics of different cut rose cultivars. Scientific Journal of Promotion of Flowers and
Ornamental Plants, 17(1), 12.

Mostofi, Y., Rasouli, P., Naderi, R., Bagheri Marandi, G., Shafiei, M. (2010). Effect of nitric oxide and thidiazuron
on vase life and some qualitative characteristics of cut carnation flower (Dianthus caryophyllus cv. Nelson).
Iranian Journal of Horticultural Science, 41, 301-308 (In Persian).

YV#

W=l oS g S5



YVA=Y00 (A (1 £+Y) o3 0lS 5 IS

Mutui, T.M., Emongor, V.E., Hutchinson, M.J. (2006) The Effects of Gibberellins.7 on the vase life and flower quality
of Alstroemeria cut flowers. Plant Growth Regulation, 48, 207-214.

Noorani Niaki, S., Ebrahimi, R., Khademi, O., Fatehi, F. (2022). Effect of hana leaf extract and sodium nitroproside
on some physiological characteristics and vase life of chrysanthemum cut flower (Chrysanthemum morifolium).
Iranian Journal of Horticultural Science, 53(1), 181-192.

Oraee A., Oraee, T., Kyani, M., Ganji Moghadam, E. (2012). Investigating the growth control of bacteria in the stem
of rose cut flowers ('Dolce vita') using preservatives. Journal of Production and Processing of Agricultural and
Horticultural Products, 4(13), 227-232.

Oraee, A., Kiani., M. Ganji Moghadam, E. (2013). Effects of silver nanoparticles, silver thiosulfate, hydroxyquinoline
and some natural compounds on the lifespan of rose flower, 7th Iranian Congress of Horticultural Sciences,
Isfahan University of Technology (In Persian).

Oraee, T., Asghar Zadeh, A., Kiani, M., Oraee, A. (2015). The role of preservative compounds on number of bacteria
on the end of stems and vase solutions of cut gerbera. Journal of Ornamental Plants, 1(3), 161-165.

Piri, M., Jabbarzadeh, Z. (2023). The effect of foliar application of salicylic acid, spermidine and sodium nitroprusside
on some growth and flowering characteristics, photosynthetic pigments and vase life of Lisianthus ‘Mariachi
Blue’. Journal of Horticultural Science, 36(4), 917-936 (In Persian).

Saemi, N., Nazarideljou, M. J., Nejad, N. K. (2018). Effect of essential oil of Ajowan on antioxidant capacity, flower
longevity and resistance to gray mold of rose cut flower (Rosax hybrida cv. Angelina). Journal of Crops
Improvement 19(4), 1047-1060 (in Persian).

Salachna, P., Zawadzinska, A. (2018). Effect of nitric oxide on growth, flowering and bulb yield of Eucomis
autumnalis. In VII International Conference on Managing Quality in Chains (MQUIC2017) and Il International
Symposium on Ornamentals 1201, 635-640.

Seyf, M., Khalighi, A., Mostofi, Y., Naderi, R. (2012). Effect of sodium nitroprusside on vase life and postharvest
quality of a cut rose cultivar (Rosa hybrida Utopia). Journal of Agricultural Science, 4(12), 174-181.

Shabanian, S., Esfahani, M. N., Karamian, R., Tran, L. S. P. (2018). Physiological and biochemical modifications by
postharvest treatment with sodium nitroprusside extend vase life of cut flowers of two gerbera cultivars.
Postharvest Biology and Technology, 137, 1-8.

Solgi, M., Kafi, T. S. Taghavi., Naderi. R. (2009) Essential oils and silver nanoparticles (SNP) as novel agents to
extend vase-life of gerbera (Gerbera jamesonii cv. ‘Dune’) flowers. Postharvest Biology and Technology, 53,
155- 158.

Solgi, M., Taghizadeh, M. (2016). The effect of silver nitrate, thymol, green silver nanoparticles and chitosan on the
flowering time of cut flowers of carnation variety 'White Liberty'. Plant Production (Scientific Journal of
Agriculture), 40(2), 1-12 (in Persian).

Tehranifar, A., Rashidi, A. (2019). Quality and Postharvest Physiology of Ornamental Plants. Mashhad: Ferdowsi
University of Mashhad Press, Iran. Pp. 192. (In Persian).

Thakur, M., Verma, V., Chandel, A., Kumar, R., Sharma, T., Kumar, A., Bhargava, B. (2023). Lemon grass essential
oil improves Gladiolus grandiflorus postharvest life by modulating water relations, microbial growth,
biochemical activity, and gene expression. Scientific Reports, 13(1), 2630.

Vishwakarma, A., Wany, A., Pandey, S., Bulle, M., Kumari, A., Kishorekumar, R., Igamberdiev, A.U., Mur, L.A.J.
Gupta, K. J. (2019). Current approaches to measure nitric oxide in plants. Journal of Experimental Botany,
70(17), 4333-4343.

Wieczorek, J. F., Milczarek, G., Arasimovicz, M., Ciszewski, A. (2006). Do nitric oxide donors mimic endogenous
No related response in plants. Planta, 224, 1363-1372.

Yvy

W=l oS g S5



YVA=Y00 (A (1 £+Y) o3 0lS 5 IS

Yahyazadeh, M., Omidbaigi, R., Zare, R., Taheri, H. (2008). Effect of some essential oils on mycelia growth of
Penicillium digitatum Sacc. World Journal of Microbiology and Biotechnology, 24, 1445-1450.

Yang, H., Lim, S., Lee, J. H., Choi, J. W., Shin, I. S. (2021). Influence of solution combination for postharvest
treatment stage on vase life of cut hydrangea flowers (Hydrangea macrophylla cv.‘Verena’). Horticulturae,
7(10), 406-417.

YYA

W=l oS g S5



Flower and Ornamental Plants (2024), 8(2): 255-278
Research article

Flower and Ornamental Plants

Morpho-physiological changes in alstroemeria ‘Frosty’ cut flowers treated
with sodium nitroprusside and thymol

Atiyeh Oraee, Mahmoud Shoor*, Toktam Oraee, Mahboobe Miri, Mahdieh Eisaei, Simin Atarazadeh,
Samane Khoshangosht, Narges Harati, Seyed Ali Assaran

Department of Horticultural Science and Landscape, Faculty of Agriculture, Ferdowsi University of Mashhad,
Mashhad

B4 shoor@um.ac.ir
Received: 8/7/2023, Revised: 29/9/2023, Accepted: 3/10/2023

Abstract

Increasing the marketability of cut flowers is very important from an economic point of view and
alstroemeria cut flowers are considered as one of the most important cut flowers in Iran and worldwide. To
investigate the effect of different concentrations of sodium nitroprusside (0, 50, and 100 pM) and thymol
(0, 50, and 100 mg L ) on the morpho-physiological traits of alstroemeria, a factorial experiment was
conducted based on a completely randomized design. The longest vase life (16.3 days) was observed in the
treatment with 100 uM sodium nitroprusside with or without thymol. In the treatments without sodium
nitroprusside, no changes were observed in flower longevity with increasing thymol concentration. The
interaction effects of sodium nitroprusside and thymol on relative fresh weight on days 5, 7, 9, and 13 and
solution uptake were significant in all days. For the treatments with 50 and 100 pM sodium nitroprusside
along with 50 mg L* thymol, there was an upward trend in solution absorption and relative fresh weight
until the fifth day and a downward trend thereafter. The lowest value for relative fresh weight and solution
absorption was observed in the control treatment. The highest values of chlorophyll a (0.16 mg L™?),
chlorophyll b (0.078 mg L), and total chlorophyll (0.238 mg L) were observed in the 100 pM sodium
nitroprusside and 50 mg L thymol treatments. In the treatments with 100 uM sodium nitroprusside without
or with thymol, the lowest amount of bacteria (3.51-62.3 log10 CFU/mI) and the highest amount of this
indicator (3.88 log10 CFU/mI) was detected in the control treatment. No significant difference in dry weight
was observed in the treatments without sodium nitroprusside and 50 uM sodium nitroprusside with
increasing thymol concentration, but the highest amount of dry weight was observed in the treatment with
100 uM sodium nitroprusside and 50 mg L thymol. The results of this experiment suggested the use of
100 uM sodium nitroprusside with or without thymol to extend vase life and reduce chlorophyll degradation
in alstroemeria cut flowers.

Keywords: Preservative solution, Nitric oxide, Essential oils, Cut flowers.
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